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Malice euiiMttuiiiiics especially lhti plnni eoniponeiis. .in.- "lun ioiisnlt*risl Rl [re fire adapted but (here tj no

information on how ellcciivclv any phvtophasMiis i isllis iv-L'slahlish then populations tiller a wiklbiv We
uldri'ssoJ this imiu! by studying the seali hiked gtfnift -V""""/"'''' Rubsaamen. in which kptfeic- imlticc

hhU|hVuuuh. M-uially diHHii|>iiic grills ol spa IW spe< die Morphology rtri f.tu\ilyptu\ species, hi early l!?9ti WC
fi vfu-il llir spcucs riL-hm^'s •Mnl abnndanti; u1" 'ipiftmurftliU culls hi rulalioil hi hrt! history tffld sprues «„'l host

; ik.ilypl ill malice voieialmnai [Mnytiah Conscrvnlion Park, South Australia, Half otitic foiuleen vilOit -urveyed

had been burnt by wildfire in tale 10X5, wliueas the uthei scVCfll MTes had nw llUftn burnt lor al jeUfil 4^ \caiv

Onh the two commonest of nine \piouuuphn species showed hide or no host -plain specificity Liuuj-unhuriit

ale* did nol diffu ai -avcics nchnos nor m Wild abundance ol Apfanhlt'filW fcHflfo bom sites hnmi in |*W£
.ilthouuli IHtf iwo Lutiumtnost .\pu>t)H'tph<i f$e£\&& dillered in their responses to lire history. ii.UK of t.

'inilU V\i>'i'li( 'Julian were ct|tmHv abnnilanl al lon^-nnburnl aikl buritl sUcv. whciL-as yalK ol A ''"' t'ttmivs

I k-ppL-n wcTfonaV'-i'i^t' loiuuiiii^ mowubumJanl :tl lon^-uiibuiiil than ul btuiil sile.s; llnsclillcrcnec ma\ rctah:

lo ilifleivnlinl tlifipe ^al strJl^t?^ ol the UlsHlisUn Itymphv, \\V CTmcludo thai nialk-'f wihllires at illler\als \^\'

uiotv lhaii Hi yaiTt wouhl l\' uiiliKcly lo impac! (Irlriinenlallv on ihfi lon^-lerni survival ofa ilivcrsv.* A(itt MMlpki
avsL'Oibla;-v piovulo'l ihal tfpfiC lony -urm tinbiifiH aiv^is (relu^ia) remain lu Nerve as sourees lot llie eolonisiny

it\ niplo.

Ki \ Wokds: 1'iiv hiNU>ry. mallec, gull .. i.tn ulvpru-x, c oce^ulea. iptwwrptlUi

Inlrotitnlion

lite is ii siriiilicatil facUn in Anslraliaii eeoUn;y

and in ntLit'b nl'thecinuinem the flont is J'ttv-udaptcd

iKatiow l

l )KI ). Many plants, incMuJin.i! mosl

l\n<ulvi>fif\ l.'Her s)xx ios (Myilaeeae). pivsses^ fnv

pn^eeleJ slrutUnvs tcpiLtumic buds or li»uiuUibers)

Iroin which new grmvih sprouls, or liave seeds Lhal

gurmtmiie alter ilrcs (dill IMSIa.b; Hod^kinsou <Kc

Co-illin l

l )H2; Noble |9S?>- Sneh ivueneraliuti

abililies arc parlienlarh chaniclerislie ol plaiils in

mallec vegetation that is. woodland comnunnlies

dominated by iniilit-sicmmctl ciicalvpls. wliicb aic

diemselvcs also called mallec (Noble !

( >82> l-oi

many cucalypls, especially inallces. fire can faciblulc

seed eerminalion (Weltin.iilon l

u S'*> oi ebmniaU
plivlo|iha^(nis insects (N^bie I0S2) and paraMlie

irvLsl lelocs (Cjill I^KIa . UtiCiil^pls dominalc tittfsl ol

Anslraliit's Toresied ecosysLems and ba\e coniplev

iclaiioii-.lnps wilb uatisc ainnials. nicludin,^ many
niNcels (Givensladc & New \W\ \, Habuat

maitagehicnl nsinc fire wbelbct consislcnl Willi

hiNtiiiy (.0,^ "" uvo/aU-' poifnaicd pjist Ahorii»inal

land manyjjcmctU praclicc) "i l**r hazard rcduclion.

has eliecls lb.il are relatively well understood loi

i.iiM-iuti ill h.m:hiv and ?Jw||igjj i in* luwruliiin NMriwrcil

Li.isitV.O ('.i.ilvn.iAC'TnroO,

1

\.llll!.ll Kl"iM|I|L;'X *IMt| lflMt|i\rlMlV I 'l -:-i III! |>,VIM",(«<|

I ftuuHAti£) f MKmil'DH.A I /IKK unN \("l' 'iifll

vegotiKilVii bul die implicalions loi many oihei

impiHt.unl or-eanisms, espi.-ci.illv invertehratcv are

largely unKitown il^radslock el w/. 1^5; Krtcnd &
Williams lsi'Jb)- The ffw Auslrahan studies of the

eliecls ol fire on inscricbiaics have conccntratetl on

soil and litter -dwelling oreaniMns (oe. Campbell tS-

•Janlon MB1; Ncumami ^
T

|.»lbui-.l L%j;York W4|
or have sampled a wider in\ertcbrale assemblage

umii^i only pilfall Maps tc.-:. Friend & William.

Pttftj, '\rborcal insccis pntbably survive fires lew

well than epigetc auvl liypn^ejc •-.prcics (Wbektn

FW5) and, provided sampling biases can he-

addressed, should be good candidates tor Miidviny

I he effects ol hie on imcri cbrate populations. In the

picseut study w.- examine the cIIclk oi fift bistury

Cui oink-mic Aoslnihao stale oisods ( Hvilnplura

C oeeoidea) lhal live OTftlj in die canopy Ol mealy pi fi

Scale insects (0 Ihc ^cnusApitwitifpfnt Rubsaatucu

1 1 nococeidael live wilhin ^alls lhal they induce on

(heir eucalypt hosts tGullan l°^4a.bi In

\pinmtnplui. each adult lemalc resides in a lar^e.

often symmetrical and woody pi\\. usually on the

stem but .sometimes on leaves, buds or fruits oi the

hus| etiealypl (GlllllUl I^X4,i) I hesi- an- i:,is.b,

recognised as cocc<nd yalls because (here is a v .iuall

il(ncul orifice Ihtou^h which Ihc lemalc can ehminalc

her waste honeydew and also mate with the male

Hei offspring or tirsi-iustai nymphs, called crawler

make ihc it exit front the maternal call through this

same opening and then disperse io initiate new gulls
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• Mi .i.llUihk- Ibli^gC, TllO grfk "' 'Hairs ;.ur ninth

smaller th»tl l&OSfc t>F Ihe Icmales. rarely more than

uric centimetre Inng, nnd are luhular with an finical

otilicc and sometimes an outwardly-directed Mange

at fhC apev fhr shape of thr -all o] the fCflWle LS

pcculiat CO Ihc ApiVfitf/rfHiu species lhal induces it.

rceardlcss of I hi identity of llie host cucalypl Most
\t>:- nwtfilhi species show* sonic debtee Ml spccificiiy

|0 a restricted range ol A7/< ,//v/>/nv species (Cuban

|^S4ak \pii»HU>tj*ln{ has 3° described species

(Clullai I^X-ia; (iullan cV loncs |0Wf, each nl which

I trims ehaiai'tcTisiir, sexually -dimorphic galK
i • n.ially. Apioiunrplui can be identified ttl specie

-

level In ihc iTcid even b) rKHH>£# totfw wlih

minimal trainer

SljIu msecis aie often claimed to have low v.igilm

I lor review, see Hanks & Deiiuo IWti because Ihc

kVjftgitttft adult females usually spend thoiv entire

lues <>,, a single hoM plant and OViptVSll there, adull

mall's are shod lived and weak-flying, and nil

dispeisal is due to the movement of the craw In,

which usually icmain on their ualul hosl il conditions

HA ivoiurahle iCrealhcad 1990: NcSlvM i'f d/ l*#|
hi Af>tt>fnoiph<i. our field observations tn sclcroph\ II

woodlands h»VC suggested I hat I here is lower

di\vi:-,jiv and abundance ol galls mansis ,iih|rrted to

frequent or seven: burning. This reduction scents

unrelated to the Rultabillty of poKt-flro encrypts foi

gall dc\clopnicui. since ihc cpiconnic Mush ol

rhllttgu 'hai follows H (ire resembles, ihc preferred

plant matenal utilised by ,\pi<>ttior(>ltit in l>>ng

unhurnt areas, tt is more likely ilui after a IJrfl kills

Ihc calls and I hen occupants, it lakes tunc loi

ret olonisntion by ctawiers io occur and if lues aie

licquent. 01 poienual sources ol colonics ute distant.

local populations may not re csLahlish. 'This

hypothesis rentauis speculative in the absence ol

cjuanlihealion ol any differences In species diversity

and abundance between bumi and long -uuhunii

areas, We investigated a* colonisation alter lire hy

surveying ihc species richness and abundance ol

[pitmtUFftlM m relation to both die fire history and

the species ol host cucalypt it 1 malice vcgetaMon jji

& l \nslialia.

This study was undertaken in malice lor several

tVitfOlto- Firstly, mallei- is a Ly pica IK Australian

u-yruninn thai has been m sciious tfcCJfoc fbl iftC

past 15/) vears tfuouyh land eJearancc and other

tonus ol' dcgradalion thand Conservalion Council

I0.S7: ChCHl \W9\ Harris 1^0). Secondly, il ha>,

been hypothesised that luallee plain and animal

communities aiv nuunttunetl by episodic lire iNohle

lo.sj. IOSVk but nn re.seareli has been iUum: M
mscMieate liow criecosely any phviophue*'us insects

it establish their populations in malice allci Cue,

Iknlb. U is easier lo louuI the c.'Ms Oil Ikv

cucalypts than t»u the taller b>rcsl and w^oUland

species.

Sealc insects itl ApiWtiQffmA are eood CUll^ldiUC*

lor slutlyintr the elTeels \\[ wildfire because, unlike

tuoic mobile insects iWhclan fit ai I
1>S0l they aie

not able lo mow Irom ihc iheir host plant-. 10 a\oui

the Hamcs and. ahhou^h the ihick wall <»t frji | Ulll
1

ha^ been su^ycsled lo be an avlaptalion ft>| ffnc

proteetiiin ( Koteja I986H the liijth itttcnsiis oi malice

wildliies usually kills ihc ovcrsioic\ UlUa^i

i,Hr;.dslock lOVtli, In .s.nirast n» Iht- Wvll-k \i

biases o| pillalhne Irappine and t»lhci methods ol

sampling soil or liller lauiu (see Whelan IW51. "iir

suivcy inelhod hn* Aphmunphu potentially assess
Ihc total number ol ealls on each dec burih, i

.u\\ nu:h'i-s i.f ihc use \\\ \ffhvuayphft galls h that

Iheir abundance varies linle \Mih season ol' siu\c\

miico the Icmales of "most species ptobably live ml
much longer lhan a year (L/l, Cook unpuh. i ,iu-.l

gnjls a\y remain on the trees I'or several Viae, ,itn*'

the death Ol the occupant, lhus providing a rec(»o.J Ol

the presence ol Ihe species at a Mle. Lastly, in ordci

lo elucidate causal relationship* between

invertebrate abundance palteins aiu! inc .selccied

invertebrate groups nei'd tn he examined at i linct

level of laxonomic reMilultou than Ihe order oi

lamilv level lhal is used in most studies i bnciid t\

Williams [9UI}), I iotn this pffCjx\T&iWG„Ap{fflntttphtt

is an ideal suidy eenu> because ^alls can hi]

fdClttiflcd 'CiKiils t(i species level. tVfi !hc lidd,

Vlcthods

The wt»a vw.s can led out |fl Daue^ab
Conseivalion I'atk which was cslablished in H>7(\

hi'iame Auslhllia's llisl linispheie Keseive in IV77

and is now pan ol Ihe Bookmark Biosphere Reserve

This quarter of a million hcciare ivscne is ahoiU 90

km north of Kcnrnaik in South Ausliali.t and lies m
the northein hall ol die Miuiay basin, adjacent lo the

Ne\\ South Wales border Urn. 1). Il includes boih

arid and malice lurid systems and allows access lo

-some speclaculai old en-wili malice. Of panieitlar

I'liikirancc to our sludy is ihe documenlcd lite

hisntiv of 1 >;ui*iijal i Conservation Park (finin

National Parks and Wildlife Service. South

AUStralliA). hue has \\0\ |»ceu used as a iiiaiia^cmciit

tool in the maintenance of its malice for

conservation: recorded wildliies either have been

naturally -occurring, following lightning strikes. HI

lh'* ivsult uf human accidents. Mans 1 areas have un

evidence of burnmii lor a considerable (Wind
perhaps for over a ceniury or jt least not since either

I*' I I oi |?5| whei'Ms trust vc w dd lues bnon Oh Ol

the region. However, ol special relevance lo l|v

piesent stud\ is li major lightning induced lire that

bumi ;i l.ii'ec i.eiUial area of die iesei\e m I >cecmhei
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Fig, I . Miip of Dan^gali Conservation Park. South Australia, showing the extent of recent wildfires and the locations of the

14 study sites where galls of Apiomerpha were surveyed. Inset shows locution of Danggali Conservation Park. (Figure

based on map and aerial photographs from the National Parks and Wildlife Service. South Australia^
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1985 dig. I). Since then. Ihe burnt eiualypts have

regenerated From (heir malice liguoiuhcrs, although

the dmiJ stag* i»f punt substantial liinbs siiii protrude
Irnm ihcs uow-lloiirisliing malice I'^mwih.

We nude ct>iii[>arisons bclween the Aftmmor/tfiH

galls associated wilh cuealypis in the old-grovvlh

malice |

M
iotlp-imhiH'»t" sites) and in ihe iTWllCC thftl

had regenerated alter tiv |985 lnv ("hunt" sites).

AM fieKkv.uk was cOlldliOlctl in April |W& FmirtftCtf

iltC* were chosen (Tig, 1 1, seven in each treatment

lypc Ouuni versus long-unkiiuU, wilh the site Co-

ordinate's as given in Tabic I. All cucdvpls at the

burnt Mies had been burnt completely [fl ihc I9SS fire

and sites 6-9 were completely surrounded by puxl-

litc regcncialed malice. Weonly used bttrnl silcs in

die central area ol the reserve beeau.se we Were

certain thai vegetation in Ibis area had been
completely dcMioycd in I VMS, wheteas the

vcgciati'ui atound Tippcrary Dam and "Morgan
Vale" Ruins and in Ihc CW0smaller areas also bnrnl

in I'W.s on the periphery ol' the reserve tfig, I)

appeared tO have- lveu mote paleliily burnt. Five

burni .aid flVC k>h£ unburn I sites had an undcistoiev

wilh porcupine grass, Triadw irritate R. Hi.

(Citamincac). sometimes as ihc dommanl ground

lavei planl. Hie olhci loin sites either had reasonably

ban: gfrmtttl-OUl mixture of shrub species.

I he inatlec enealypl species at the study sites were
I. ut a/v(?/u\ t>h mwiifti Sieber c\ LX'. (syn, ti <oxtnrn

f Mu.-ll, & hchi c\ K Much K A, <iuti)n\,t Glintl, c\

Ohley, /. tfrovilti V Mncli
.

/ oleum !-. .YUicil. e\

Miq, .\\k\ L. toi in/is h Much c\ MU|. IdjMittfTcaiiim

was made using rostermans il9°4). cvecpt dua the

naiiH' / ilwraxXUUi (syn. /•'. Ctiftfxtftk) is relained (M.I.

Brookcr pcrs. conum), The pioporltons ol each

species varied according to locality bul usually ihice

"I Hie five malice eucalypls were present at all sites

( f'ablr I U Wechose sites in long iinbiinii or posl lire

regenerating patches to provitle 10 multi-stemmed

malice eucalypls. of between 3 and 6 m in height, per

site- These 10 trees were chosen k|H representative ill

the proportions ofe-.ich spi\ ics m the local area I hi

height was imposed by ihc need lo inspect the total

foliage both front the ground .\\k\ from a ? m ladder

placed in the ventre <»l the tree

[•or each tree we counted the numhci of galls

conlaining live and dead AphmmrphU females. The
surveyed •jails varied in >i/e lnnu a lew mm(young
or aborted) lo more than 4 cm long, and in shape
from cylindrical and buddike lo urn shaped or ovoid,

Galls were recorded as containing dead Icmales jl

(hey were okj and brown tir showed signs ol attack

by predators or parasiloids l dually, the presence of
a living coccoid was confirmed by Ihc presence of

white powdery was at the gall orifice. Only VKichci

material and galls ol uncertuin idcnliiy were
Collected, so the survey vvms iclativcly ntin

deslriniive. Voucher specimens o| -jails and slide

mounted insects n| Apiottiotphu buve bLL-n d^nsiied
in the Australian National Insect Collection (ANK'i
(7SIRQ, Cacitoara.

All data analyses pertain lo gaJIs OonUUfljllfe! live

plus dead female insects, unless otherwise slated

The golly "I dead insecls were incliidrd in counts,

because any successful initiation of a ['all was
evidence that ilflScul had icached the site ami ihat the

tice was a sutlable host Host specdictly within

'\f}fttthoip/m was examined by calculable the

pereenla;:c ol the surveyed trees ol each cucalvpl

species dial supported galls ol' Icmales of e.u I,

Affioiutnpfm species. 'I he response of AfiWnwrphu
species to fire was evaluated using one wa> .m.il , -i -.

ol variance (ANOVA* lo compaie burnt and long

unburnl sites in terms of die total numhers ol
'

;
»alls of

temale- iof all species summedl total numbers of

galls of die seven least common species (i.e galls ol

A. nutlh Viwola (Julian and A, uvitltlwctex ('leppcn

excluded), and total Aphmtofphd species found at

t via i.i, ,S7/r hn ttlrtrrx <fn»u c/'s midiHM) with /'/<* htnw
\ //""f tmimm tf-u) \r>><t\ huna in /Vi\3 i'b)\ <uul the mwiln .

r./ hrr\ ,>j ,,uh K^/vm umiplvd ut nuh v//e I-. «l -
\ iftfltHWU. F-. g

"
l_. ^.ac.h-, )-. i. E im l ,-mII.l I,..i, \_

u\vt)\n,
\ s _ [. M>ciahs, NwtfhctS til ihr (onf qf <yrh v/.e< i> > CtlluMU nfrr In ihr tt>t,if Httutlxr of in. -\ wrr,, \, W ftH

lli'fl \/u> U>&,

Sni 1 li an latitude Lonjlilllde 1 ,1 F. e.

o

1 i i n

II

1

.1
1 I-u wn'ir 1-10 -}S'\ (" 3

2 I-u 33 171 r I-UV3.S-0/" 3 i 4
i b .^ r '17'16" UO3.^'UJ" (l : d -I

4- h n u iTW 140 3s OS 3 3 (1 4
$ I-u 3.i IU'jo' 140 j.vir 6 Q 4

b 33ld 0V MO«'lf \ 1 1 1 4
7 h 33 uriM" I4O4V0S" I. ii

|J 4
M h U KVU" i mavos 11

i 1

-i

" h J3 IftW 140 4257'
1 5 4

1(1 l-ti wiwm: 14(1' 4 V S|" It 5 S
II I-u sr 15'i)?' 140 42'4*T \ 1 ^

\2 In 33 IV \*r 140 IV IP % 3 3 3

n i-u 13 I7W I lo _iyw 1 1 1)
1 o

14 h 3?
c

l»9'20" 140 35' JO" n i
3

M "- ~:

1
/ h
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tiiich Nile 1 14 units totuli Analysis was curried QUI at

the site leviil, not the live level, because there were

Iwo w more differenl tree species per sile and many

trees had ni) or few galls. Two species. A.

tnallccaado and .4. tnict>loidcs. were common

CflOUgll lo examine their individual responses to Ure-

al the sile level using ANOVAbill the dalu were

irauslormcd [I,. lx+1)] to correct Tor skewness. The

responses of ,4. mattecaadu and A, ovitf/loidts to

lire also were evaluated using individual trees as the

UOlls Of analysis. In trns ease, binary presences mm\

absences were analysed using Chi Square tests

because galls were not abundant or widespread

enough to satisfy underlying statistical assumptions

;ii this level. All analyses were carried out using

.IMP-
10

<S AS [jislilHte Inc.. © Kftft-fl),

Results

Apioinorpha species recorded

A total Of nine species ol Apiotnorpha A as

recorded from the sites surveyed These were: A.

culwina (Tepper), A. densispinosa Gillian. A.

kttrsthi Riibsaainen. A. itndlceticohi, A. ntttndu

nndtccnsfs (iullan. A. ovi< <doidc\. \. n^idoris

iTeppcr). A, \hvnthylo\<t (Tepper) and A. mnaln

< leppcrr All of these species have been collected

ptcviously from mallee vegetation in souiluin

Aiisiralia (Tepper 1X9-3: Gillian IW4a).

HiKst-plam specificity /'/Apioinorpha

One species. ,4. den\i\pinosu. was recorded Irom

just three sites and solely Of! £ dtimusii but only SIX

galls were found and none ol these contained a live

coccoid. Six other of the nine species ol Apiamorpfto

showed some degree o! host -plant specificity (Fig,

2). Galls ol A. atlycinti were found on lour of the

seven surveyed trees of /:, im nissoto as well as oil

two other euealypl species. Galls ol .4. ho\ehi also

occurred on ihree eticalypt species, wheieas A.

muniki nudleensis, A, re^itfari.s, A. xtmmbytostt .'Hid

.4. iiriuifi.s each were recorded from only two

CUCalypt species, However, 13 of the 14 trees that

supported galls of A unudis belonged to /:'. gntclli*

and nine of the 10 trees with galls of A sitt>tithylo\ii

were L. socudts. Only one species. A, ovuolnides

was recorded on all five species of eucalypl; it was

the commonest species, occurring on 52 of ihe 140

surveyed trees. The next most common species wUH

A, nitdieemoUt which was lound on four species ol

eucalypl and on 37 of the 140 surveyed trees.

Specie* richness und ohionktnce (>j Apiomorpha in

relation lo fin- fdsK'ry

All nine Apnnmnpha species were lound at both

burnt and long-unburnt sites, liurni and long-unhurut

sites did not differ significantly In the number of

Apiomorpha species recorded on survey trees

ih |t =3.57. ,>=0.0K) (Table 2). ANOVAof the total

I xui i. 2. Means per siif ± I SIX fM" >">/' nmf& in parendnyfs. and siyiifhame <>l dii'iavm i\ dw tnfitt hfotirry "t tin *T#fo

(*/ Apunnorphj species, mmbcr ttfgu&s oj ail Apinmnrphu tpecfcx, ntinfoer of $alh <>f A. inalleewcitai mnnhet uj $alk

fi/ \ nvieoloides and number tf'g&Us of nil vpevics 6XchuUng A. rnalltvacolu and A ovicnloides. {for A mulleeacula

and A. micoloidcs, ntrans and fun$es are ftmi the miv dam hut F and p wiuas arv from uonsjannvd data. M
atn

indi< atrd b\ > }.

Lone -unburnl Burin Valu. Value

n (sites!

Mean number of

Apiomorpha
spCcicS per site

Mean namber of

Apiniuarplia

yalls per sate

Mean number of

\ mtdhranikt
galls pei site

Mean nuniber ol

,\, t»ui>ioidc\

galls per site

Mran tiunihvi iff

Apiomorpha
galls per sile

with \. maltiiuu oia

ami A. avit ahtid<'\

c\L'liideit

5.3 ± I.I

M4 ± A

er.<t(2-l£)

13,3 t(f-M))

\<\b±HA

4 0+14

te.5 ± I4.K

7.6 ift-21

1

lAtfWi

12,7+ 14.1

3.57

3.96

(l;40<

It U

OJM

oos

0,07

0.54'

0.01

0.54
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numbers 0] fittlDi ol females UlVp atul dead) n&nrd&l
from t-iich she indicated that the lire history of the

Mlirs did iiol affccL gall abundances t\V ApHtoWpffft

specivs IT.,j=3.*fir, /MU>7> liable 2), Btirnl and

tone unburn) \iic.s Jul nol diller in the percentage til'

live 10 dead Apttntit'tpiui: 'lV/< ot gulls ;ii kmg-
uiihiirnt sites and 24 c

/< lit galb a" burnt sites were

estimated iu contain live coeenkk hvcept Fur I

mtilUt'UvnUi ;inU V or/i o/ou/o. I here were

insulfieienl doiil lor statistical analyses based on

individual scenes, although (or the thud mo.a

ahund-anl species
, I n/n.ili\- there were compar.jbli-

populations :ii hoih burnt .n>d Imig-unbuiut \\fe$ t

tin V nuttlecttntiiL ANC.iVA ill the iransformed

abundance |T« i\+l>| at cadi sue indieated thai

number, of galls did HUI diller between btirni and
loug-unnumi siiesfh, p =0.40

T
/»=0.>i) (Table 2). Chi

Square analyses ol presence-absence dala loi ,\,

ni<t!ltctici'lti on individual trees alstl indieated thai

lite Ibsjorv diil mil affect die likelihood of finding A.

mtitifivtoid galbi (X", i^OXW, />=0.S4). wilh ga|U

being present on 2"/'/ ol all bees sampled in long

HiiHurni sites and 2o'v or all trees sampled al luirnl

sites. IT lives nf /.. ntrru*\<it(i. on which A,

iti(i/lrca<ol(t was never found, were exeluded, iho

icsttlls remained very similar \/J
(

Pl
-H,2 (4, /r=o,M:

v.al-- pieseul Oil *<>', :

> »'l lone unburnl trees and JfWI

ol bmui trees). Burnt and long-unburnt sites ititVcreit

only slightly in the peivcniagc ol live to dead A.

ittatfcauofti. i$.1$ ol vails ul long-unburni sites and

*9',i ol galls ul burnt sites were estimated in COMQil
live cotAtudv Among the btnnl sites surveyed, there

was no evidenee that y alls oil tiuillvcw >i,i wctc

mote abundant ai site^- elose to i' range 1-U wnh
mean of M oalls per site), compared wilh iJc-.t.mi

ffOffl ir.ittvr M I I with mean ol K.3 galls per -uko,

long uuburrii ate. is,

In contrast, tor ,\. nnmlnuks, ANOVA tif the

transformed abundanee |l„ (x + lll at eaeh siu-

indieated iliat number-- id galls vuav sigtnfieaittly

Uvet al burnt Mies (F, p =| j *7
( ^=<M)l) (Table 21,

Burnt and long unburnl siles differed only slightly in

Ihe percentage of live lo dcadvl. oyitfj/ou/t'\: iM'f of

galls al long-unburnt sues ;md 14'^ of i-alls at burni

sites were csiimated lo contain live coceoids. Chi

Square analyses ol piesence-abscuee- data for _V

iiVttoloidi J \i>n individual livo-aKo mdieaied dial tire

history affected the likelihood of finding \

owcoAi/fAw gtilts 'x\iis
=l)

« f ^- /?=OM>03), with ealls

beiny pivseni on 4M'./ ot all lives KaMpfej] in loug-

nnburnt sues, but on tmly 2A^c ofbllrnl trees. Among
the burni sues surveyed. p|.H of A. ovictiloitleK wen

sli,-:htlv more searee at siu> IIMI-2(M) m Ironi unburnt

vegeiaiion (range 0-3 widt mean ol'2.0 ealls per site*

iti.ai ul sites seveial km dist;nH loan lone unburn!

areas (ranue I -8 wdh niea.u of 4..^ yalls. pet siteK

If both \- iHultccuittht and -\. uvllvlRitlvs were

excluded Ironi the analysis l>\ lofal numbers of uulk
ANOVAofihe gall abundanee at eaeh site indie.tted

lhat uumbets ol ealls of (tie other speeies eianbined

did not diller between burnt and lon^-utibunu site^

tb, (1 =ILU). /^i).54)
(
Tahle2).

M'rfttlitv f>trttfr\

The original oeeupanls ul inauy ol the Afinttiifipfu)

galls that we recorded during uttr survey euhet had

been killed by parasiloids. probably wa.-sps. oi

removed by predators, probably eork
( ibn.s ^nd

patfots. S'tme ealls had a sintile, large exit bole m the

wall, providing evidence of the emergence of udart-

lailed wasp CborWWtwfUi Oallu Torre (Pleiomalidaet

(Tillyatd l

l >2b; ^Joueek l*>XS; N;i.tmatm (WIk and

Otbci eaIN had many fmy etnergeuee h(»les. Twelve
galls had one side removed which is the typi. i\\

ap|ie.iranee ot a gall opened by a bud. Mortality ol

the laiter kind was twice as common in die Jong

unburnt sites «iv in the horm sties, Inn theie were loo

few galls damaged m this way lo determine wheihei

the difference had staiistical signilicanee. Many
iMhei galls weie brown and obviously dead bui

generally we could nol determine the cause <»1 dealb

A fe:\v olhor galls were ikfnimed by im|iuhucs. thai

js, nihcr insects bad occupied Ihe gall tissue or the

eavilv but bad nol dtreelly killed the Apiomorpha
lemale. The idenlity of the itK|uilines was noi

deiennined because those Mill occupying the gall

vVL-.e enlier dipteran or byntenopleran larvae and no
rcanue lo adults was atleinpted-

Diseussion

In the evenl o\ lite, season \M burn is believed io

have the grealesl influence on ihe plant composition

of m:illee communities, wilh frequent autumn fires

causing aibslaiuial nt.>H:tliiv o\ muilee eucalypls

(Noble I9H3, IMS9). Conlinuotis cantipy go^wib <a

malice eucalvpts can t>ceiu aftrt ,i summer wddbre
and may be due to the absence ol phytophagous

insects (Noble ls»N2l, I ire frequency (the interval

beLwevn llresi is helieved to have the most important

lon»-iertn effect (m malice fauna because most

animals adapl nol to Tire itself bui lo the fk>risiie and

struelural leatures of the plain eommunibes thai

resaill from differem lite legimes t laud riu^ervalion

Ptg 2. Hosl-platil specilK-nv ot Af'ii'tnorphu plotted as ilv percenter ol I he slirveVLvl trcc^ til eaeh enealvpt sjveies llun

siipjvortffd j:alls of lemal.r- ol cash r\pt&tnMjJhti 5pecic&; l:nvol\ptm speeics; /.. ./. - /- tfNNftaxn fe e = '* ^nit'tJlt t, >.
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' cil ION?), |,,i' HWcrtchrates, v\ hich ecncraJIv

1

nil seasonal acli\il>, mappropnale nnm^ - * t
"^

'

pjiiii nl.trly frequency of fire can have danvitiuiu:

i "ir eminences l.tr populations (land Conservation

I il I *>S 7 FYlCinl tit Williams l

( K'f»». ftjr ai le\tsl

"iiil- (n,uliii malice conunnnitic 1

., h Nil? toCCT

.1 £gi?HlPi1 thnl I he luiltinil fine frequency is unlikely

in escecd moiv thou one lire every 15*30 year*

hecause of ihe lime required lor fuel loads CU

u# liiic (Noble i^S'j). At Dan^ah Cqrrcctvaiinn

l\nk. many ol Hie mallee site-- (foul WOHUdJctJ Lid _ L

hitultti understorcy and il had heen 10. 5 years

wildluv had destroyed our hurni sites. Tims, il

Kip .iiH.ic. ut \ni<>})n>rpiui species iM fojTlU Mies

could be shown lo have iceovcivd (it piv-biir.i V in -u

ihe prohable naiural lice frequency of IS-2U yew iH

JTHUii would be mi likely lo have any lime-iurm

ikinmenlal effects on populations o[ Apffmnphci.

Hie- main lltulll^*)' "'" s "' Kc '>' V,:IV " ul t,K * Il '"' :
"

ruibuint sites dnl nol tuTlei in species richness m
total ahuudame oi \fliMhtHJ?ku jnrtls Iffm h »rnl

10 i >eai% ae.-. but thai the medium-leim elicit nl

hit- in v ".. M.llcreut \piomtnphti -.pccics. L-Vll

die I\v" s]-"'oes (hat m>civ common cnomjti it. .illow

analvsis i tt thc»r abundance in iclation lo lliv liNlon.

1111c il, itiiilhonoki) war-, equally abundant in burnt

ahA long-unhuinl sites, whereas the other ( \

r ii |1
,/,.'.../'. >,! w,is siLMiifieauily less ahuitJuni ul the

burn i ill left. Indeed, lor A, c\ n nh'nh's. 0J-

,-Uilitistiment al hunil sites was low even where a

source ol poiemial colonists was jusi across u HI m
w ijc load I or fltwi species with slow oi limited post

file le-cslablishmcul, the eliccl of auothet lire in ihe

il.- x i Hvtt io 10 years mmhl be virtual extinction.

especially il HO old-inowth malices, thai may serve

js lire i'clui!ia loi sueh insects., survive the lire The

conseivnlion of kmy unhiunl areas [)[ mallee should

be a manaeemeul pi unity. Sumlaib. I net id &
Williams ( l')06i have emphasised Ihe importance ol

die manaecnvnl U» proteel nre-seusiiiw specie* nnd

habitais Irum lou-tieo,ueni tires in mullce-liealh

shrublantJs ol south wcsleru ,\tistialiu

In eeinlraa. .\ tmdUvtuohi antl the ihird must

common species, V mj/^/i'm, had re -established

popuLilions etjtiivalenl lo those recorded in loii^

iiiiImhiu sites at sites butnl 10..^ years previously

(although the number or records lor A umalis weie

iusullieient lor statisikal itualysis), In addilion, ihere

were' no obvious Inc elTeels on re-eslabhshmeni ot

lite olhei si^ \t*nut)orplu\ species bill numbets ol"

call-. »'bser\ed. at both burnt atul lone-unhunU sites

lor eaeb specie,-, t?eneralt> weie low eumpared wilh

\ ituflli'vutulu Re-etilomsation had oceuocii ftl

btirm sites dial were 10 km or more tltsiaut from the

neaies! st.mrls ol lonji unhurnt malice, b'or vaeile

>iK,ie'. the posi lire tltish o\' ^rowih mav ho

beoeOeiiil lo rail establishment. This sueciesiuMi is

supported by the observation ihat 111 iflltel

en\ in.nmenls, ^alU nt' Apiom^rpfut appeal io \Mi

more abundant "ii yumiL* and rCgl'Wth eiiealvpts

ihtltl on Ihe lohagc ol oklei bees il.el'welon ••:

Vaarwerk !W; P. 1. (aillati pets. nt>s.i, AllhoiiLh

ihis impression may be cuviied by sampling bias ills

il reasiet to search tow foliage ot saplinys and small

trees ihan the canopy ol more ivialurc lice-.), pm
jlasshouse iearin;j, has shown that Ihe first tiisl.n

nymphs will initiate giflfa only un the new fnliaye ol

at lively gfovvme shocas. Jn anolhct study (Yen

|W>). (he abtmdaiue of phytoiihaeoiis iiiseei--

especially sap-sucktnt* <|?t;tiw>. has been show n tcv he

higher till cojipiee thun mauiie malice, perhaps

because yoiine leaves jnd shoolsare iikmv rmvriClou^

than old lohiiL-e .mo C0ppj< C tftC5 have more Vuiimj

iiiuwih IhcLti inalutc malices.

Sot ne Apumtnrphtt species exhibit host-planl

prelerenees lor cerlam etiealyp! speen's, Hoth \

rr^nlntis and A. \net)ih\ iosn uccuireit onl\ (»n i\'.o

eueatypl species, /•. .uniati.s an<" £ Of^iU which are

closely related species - bolh are in Ihe series

Subulatac o| ' Lm-nl\pttts (C hi[>pendaie IMMS) C'uills

of \. mttiiitn tthtlUitixn were lound only on /

ihiftwn -mil /.. V''"' 'i'tA. wlii.Ti are mdifl'eient i -eMe--

(fVlltppeitdvtle ( *>S^ >. fWO u.-i\ eU.sely eelalC.I

\i>tt»H(!iphit species A rtilyiiatl and H. ttnuihs

(Caillari l')X4a. L.C (o ( »k unpub.i. showed wrx

l ii0._reul host prcfeienecs. Thirieen ol the l-l

stirvcyd lives with gulls ol A U*Wfa WW* I

•;/om//\. whereLis ealls ol A. lytyiWU ^Cjv "m-.,

eommoii im 8 Uu -rowani ami ne-vei ocurrcd on /

vrm ili\ Since Ihe iwo mosi common AfttMUtlFfttm

-peues. A, tmtil((<t<nla ami A. t>\ /< o/o/ f /ev also had

Hie broadesl liosl-planl ranees. diHeicnces in the

ocLurience and abundance ol Ihese t\vo spccie.s in

relation \t.) ihe lire history ol sites eannoi be

alliiboied lo any \ariaiion in the composition o.

eucalypl species anione. sties. Instead, population

dilfeieneeN Uimmg Api<>tf!<>rf>lhi species in lelalion io

ihe lire hisloty of sites may be best cvplauu-d bv

dilTereiKes in theit pio|,'cusilv lo disperse. The

eiawlers of some Apnmunpfm species may dtsjieise

more readily to new lives than those of oilier species

There is ample evidence thai lusl-inslar scale insects

o| othei groups arc ilispcrsed passively t>y the wind

and. even though nie»italiiy is \er\ high, oiay be

carried lor distances o\ a lew in lo several km
more rarely a lew hundred km. from Ihe natal lives

(reviewed by l
3ednley l°X2. (ireathead l

(»U; Hanks

^ I >cnno 10«
: ),^), Some scale insects eiawlers hau-

been reported to orientate downwind and stand ou

theit him! Ic^js wilh juLcnuac and lore lr:

<tulslretchcd ( Washburn t^ Washburn I oS \

Washburn Sl hankie I'JSs. f.renthead \WH>) Sueh

behaviour probably ensures (heir dislode.emrm ftfld

dispersal by wami. The crawlers ol » lew sjiecies o'



ClALl INhl'CINC. INSUlN ANDMALU-F IIIS'IORY 145

\pjO)lhiFphu have been observed displaying similar

behaviour under elasshousc conditions (I.. G. Cook
unptih. i. Afti, itmnpini species may JillVr in ifictl

propensity cither Lft disperse actively tfuiJJ the hosl

plmU 01 remain off the <iatal lav. In Ciintrust It) I he

Mui|onl> itl ApiDinorfthii species, ii is extreme I v

difficult hi establish inlcMatious ACA malltctu hhh
A mfwaui and A. <muit>\ by telcasine LTWfavOM10

polled cucalypts in a gju^tolrtai <L, (i, C0ufc

unpuKi; ihis gliggue&s thai a! leued Bfftae crawlers of

Ihe latter species may exhibit obligatory dispersal

behaviuiir and, m ihe elasshousc. may suicide hy

uctivclv depailiiu 1 from the only siiilahle bust phml.
I'ndci natural eoinJiiio|i,s, however, nalal bees
pmbahU would he surrounded by other suilabte

ho^ls, especially in malice vegetation.

Uispeisal ability may relate Lo LtiiM'pbOlOgiCul

adaptations as well QS behavioural ones. The

flattened bodies and two or more lomj. fikuneniotis

caudal setae of scale insect eiuvvler.s arc believed to

enhance their dispersal potential tWainhousv |#j£0*

Peddcy IW2J Thus diiWiKcs ui budy si/.c ami
shape in. ( y partly account lor differential dispersal

atpouy species, The crawlers i)\ Aftinnu/rpha have

llallened, oval lo siibeiivulai bodies (ringed with a

continuous tliw ul marginal setae (Gullan t*>84W; It)

addition, the surface area of each marginal seta w
rM ended by a I Inn sheet ol wa*.y secret mui

(analogous in eencral appearance lo the vatic from
Ihe shall of a fcathen. The firsl-iustat nymphs of A.

<>vtiolohlt'\ are about the same length as. bul

narrower
[ [^5-225 pill al widest [ft Hi than, those ol

V tiuilivcacoiu i?fo-:so pm wide), although the

mareinal setae are npproMinalely etpial in leimili

I 14 44 pint nn boih specie* < I -. Ci Cook uupuh.J, it

dispersal ability 01 dpitUmtytki is v undated with the

surface area ( »f pic budy of the crawlers, the

differences in abundances of A. imtllcvucnta and /I.

luvVf.'/o/Wev in burnt and long-unburni sites may be

nrtt ibuted at least in part lo diflerenee.s in ihe si/e and

shape of their crawlers.

Sdcetion lor both active dispersal behaviour and
bnd> morphology thai favours passive drift may
occur in scale oisect species lhat occupy
unpredictable or temporary habitats, as has been

Mi-L-esled for armoured scale msccls that teed on
short-lived versus lon^ lived hosl plants iCireathead

LWOii If this hypothesis is valid Hit kflhttmifpUit,

then xome species, such as A. m<tlkeitrt>i<L tan lv

posiulatedto be better adapted n» the vaeaiicsolTne

in thi: malice cnviruumcni,
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